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The enzymes were characterised biochemically over a wide pH range from neutral (6–7) to alkaline (8–9).
The optimal temperature for the activity of these byproducts showed wide range at 20 C to 70 C, indi-
cating fairly high thermostability. The activities were monitored on p-NP-butyrate, p-NP-laurate and
p-NP-palmitate. For the ﬁrst time, lipase activity was detected in these residues, reaching 68.5
lipase U/g for the crude extract from fractions called frit.
 2014 Elsevier Ltd. All rights reserved.1. Introduction
Worldwide approximately 55 million tonnes of sweet oranges
are produced, with Brazil standing out as the largest producer is
produced. In the 2011 season, the country produced 19 mil-
lion tonnes of oranges, and the state of São Paulo accounted for
76.1% of production (IBGE, 2012). About 40% of all oranges pro-
duced in the world are converted into concentrated juice, with
the U.S. and Brazil together producing 90% of all processed orange
juice (Lanza, 2003). During the production of orange juice, only 50%
of the gross weight of the fruit is converted to juice; the rest is con-
sidered to be the byproduct. The equipment used to process orange
juice separates byproducts into different fractions, typically peel,
core and frit. Part of this volume is used to replenish nutrients in
soil by composting or as animal feed, and a smaller volume is used
for the extraction of essential oil (Martí et al., 2011). Nevertheless,
these wastes may contain valuable substances, such as pigments,
sugars, organic acids, ﬂavours and bioactive compounds, such as
antioxidants, enzymes, antimicrobial compounds and ﬁbres, there-
fore they could be applied in bioprocesses generating products
with higher added value (Martínez et al., 2012).
Among the enzymes, there are the lipases (glycerol ester hydro-
lase, EC 3.1.1.3) which should be exploited due to the low cost of
these byproducts and the high cost of enzymes. In this context,
the use of byproducts of orange juice to obtain lipases is interesting
because these byproducts represent an abundant source and arenot submitted to treatments that could denature the enzymes con-
tained therein (such as thermal or chemical treatments). In their
natural environment, the aqueous organic interface, allows these
enzymes to catalyse the hydrolysis of glycerides, however, in sub-
stratum with low humidity they are able to catalyse other reac-
tions, such as esteriﬁcation (reverse hydrolysis reaction) (Barros,
Fleuri, & Macedo, 2010).
Lipases can be obtained from animal, microbial and vegetal
sources; however, the use of these plants as a source of enzymes
can be economically unfeasible and controversial, due to the high
cost of these materials and to their use for non-food purposes
(O‘Shea, Arendt, & Gallagher, 2012). Therefore, the use of agricul-
tural and agroindustrial byproducts is a good source of enzymes
without losses, since the main product (food) is normally produced
(Devasena, 2010). The limiting factor in the use of byproducts is in
the processing itself, since high temperatures, extreme pH condi-
tions and addition of chemicals, common in industrial processes,
can denature the enzymes (Fleuri et al., 2013). In this context, fruit
processing for juice production is a good source of byproducts
since, in general, the discarded parts, such as peel and seeds, are
rich in enzymes and do not receive treatments that could disrupt
these biomolecules.
The most signiﬁcant components of the oils and fats are triglyc-
erides and their physical properties depend on the structure and
distribution of the fatty acids present. The modiﬁcation of these
structures allows an unlimited number of applications in various
areas, such as modiﬁed oils, the detergent industry, ﬁne chemicals,
ﬂavours, baking, agrochemicals, bioremediation, and other indus-
try (Devasena, 2010). The use of lipolytic enzymes in this scenario
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ditions and reduced waste, they make possible the carrying out of
speciﬁc reactions which do not occur or occur inefﬁciently by the
use of chemicals alone (Barros et al., 2010). The structures of lipids
are directly linked to their physical and organoleptic properties,
thus different structures can be modiﬁed with a view to achieving
biotechnological goals (Castro et al., 2004). The change in compo-
sition of fatty acids and steroids, for example, can modify the nutri-
tional value of fats and oils. Also, changes in the size and degree of
unsaturation of the fatty acid chains can modify the melting point
(Hasan et al., 2006).
The activities of lipases are highly pH dependent (any alteration
in pH of the reaction mixture is likely to affect the catalytic poten-
tial of the lipases) and the metal-ions are effective antagonists and
modulators of lipases (Razak et al., 1994). Thus, the optimum, sta-
ble pH and temperature, as well as speciﬁc fatty acids of various
sizes, are important in biochemical enzyme studies and provide
an indication of biocatalyst performance, allowing for the best
enzyme for a particular application to be selected. The separate
analysis of each fraction of the byproducts allows for the potential
of individual biocatalysts to be evaluated because the use of a lar-
ger fraction of lipase results in a more suitable reaction system
with fewer interferences and higher throughput compared to the
use of matrices or whole fruit.2. Materials and methods
2.1. Materials
The oranges used for the study were from the species Citrus sin-
ensis L. Osbeck Pear variety, grown in Araraquara city, São Paulo
state, located in the southeastern region of Brazil. The orange sam-
ples were processed using inline extraction of the J. B. T. Food Tech
company. About 10 pounds of each byproduct were collected in
May, 2012. All the samples were collected manually from the out-
put location of the equipment, individually packaged and identi-
ﬁed. The number of fractions of products obtained from orange
juice depends on the extraction equipment used, in this case three:
peel, core and frit. The relationship between fruit parts (peel, core
and frit) and byproduct processing is presented in Table 1.2.2. Enzyme extract preparation
Each byproduct fraction was analysed separately. After process-
ing, the matrices were packaged, stored for 2 days at 5 C, crushed
mechanically to a particle volume of approximately 0.5 cm3, frozen
and lyophilised for 48 h. After lyophilisation, the matrices were
again crushed and stored at approximately 7 C until the time
of analysis (until 6 months after the sampling). Lyophilisation
was carried out to remove water from the system, increase the
enzyme concentration and allow for homogenisation. The particleTable 1
Industrial and botany name of orange juice byproducts.
Industrial
name
Anatomic/
Botany name
Description
Core Mesocarp Also called albedo, corresponding to 42% of the
total fruit. There is the white part of fruit
Peel Epicarp Outer coloured part of the fruit
Frit Epicarp Outermost part of the epicarp. The glands that
store oil are concentrated in the outer part of
the epicarp (frit), so in order to facilitate the
process of oil extraction, during the process of
extracting juice this fraction is separated from
the rest the peelsize of the samples was subsequently standardised using a 20-
mesh sieve.
2.3. Enzyme activity
The presence of lipase was veriﬁed by analysing its activity fol-
lowing the method described by Lopes, Fraga, Fleuri, and Macedo
(2011), using a system consisting of a 5 ml emulsion of extra virgin
olive oil and 7% gum arabic solution (ratio of 1:4, v/v), 2 ml of phos-
phate buffer (0.5 M, pH 7.0) and 1 g of byproduct (enzyme source).
The reaction systemwas incubated at 40 C for 30 min in a thermo-
static bath stirred at 130 oscillations per minute. The reaction was
terminated by the addition of 15 ml of acetone:ethanol (1:1, v/v),
and the released fatty acids were titrated with NaOH (0.05 M)
and 5 drops of phenolphthalein as an indicator; the titration was
followed by a measurement of the pH level. To assay enzyme activ-
ity, each unit of lipase activity was deﬁned as the amount of lipase
needed to release one mole of fatty acid per minute under the con-
ditions described above. For each sample, a blank was prepared,
denaturing each enzyme extract for 10 min in a boiling bath and
reaction substratum, which was the same for all samples. The
results obtained for each blank sample titration were subtracted
from the results obtained for the corresponding sample.
2.4. pH effects
To study the optimum pH, the lipolytic activity of each fraction
was analysed in a reaction substratum similar to that mentioned in
Section 2.3, except that the pH of the buffer solution was varied.
Solutions were tested in sodium acetate buffer with pH 4 and 5;
sodium phosphate buffer with pH 6 and 7; boric acid–borax buffer
with pH 8 and 9; and borax–NaOH buffer with pH 10, all at a con-
centration of 0.5 M. To study the pH stability of the samples, the
same substratum medium was used as described above, but the
samples were maintained for 24 h in each buffer before analysis
of the activity, at room temperature.
2.5. Temperature effects
The lipolytic activity of the byproducts was analysed according
to the reaction described in Section 2.3, changing only the temper-
ature of the thermostatic bath. The optimum temperature study
was performed by measuring the lipolytic activity at 20, 30, 40,
50, 60, 70 and 80 C. The stability temperature study was per-
formed to verify the thermostability of the byproducts. Samples
were incubated at different temperatures 20, 30, 40, 50, 60, 70
and 80 C for 60 min prior to the determination of lipase activity.
2.6. Inﬂuence of salts
The enzyme extracts were assayed to determine the inﬂuence of
the following salts: MgCl2, BaCl2, KCl, ZnCl2 and CuSO4. Each salt
was tested separately, with the lipolytic activity of each fraction
determined and reactions similar to those used in Section 2.3, only
differing in the buffer, to which was added 0.01 M salt.
2.7. Speciﬁcity assay
The analysis of the lipolytic activity with the substrate p-nitro-
phenyl palmitate (p-NPP, C-16) in byproducts was performed fol-
lowing the method described by Mahadik, Putambekar,
Bastawde, Khire, and Gokhale (2002) and Lopes et al. (2011). The
reaction mixture comprised 0.9 ml of substrate solution and
0.2 ml of phosphate buffer (pH 7.0 and 0.5 M), and 0.05 g of
enzyme extract was incubated for 30 min at 40 C. After incuba-
tion, the samples were centrifuged for 5 min at 5 C. The superna-
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Fig. 1. Byproducts orange lipases: Effect of pH (optimal: A – core, B – peel, C – frit; and stability: D – core, E – peel, F – frit); and effect of temperature (optimum: G – core, H –
peel, I – frit; and stability: J – core, K – peel, L – frit).
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sample blank was constituted by the same reagent, but the enzyme
extract was denatured by exposure to high temperature.
The byproducts were analysed by the method described by
Gutarra et al. (2009) to determine their afﬁnity for the substrate
p-nitrophenyl laurate (p-NPL, C-12). The substrate solution was
prepared using 0.25 ml of 2.5 mM p-NPL in 2.2 ml of sodium phos-
phate buffer (pH 7.0 and 0.5 M). The reaction was initiated by theaddition of 0.05 g of the enzyme extract. The samples were then
incubated for 15 min at 30 C. After incubation, the samples were
centrifuged for 5 min at 5 C, and the supernatant was then ana-
lysed at 412 nm against the blank sample. The sample blank was
constituted by the same reagent, but the enzyme extract was dena-
tured by exposure to high temperature.
The byproducts were analysed following the method described
by Calado, Monteiro, Cabrali, and Fonseca (2002) and Lopes et al.
Table 2
Lipase activity on arabic gum emulsion and on pNP-esters.
Substrates and reaction
conditions
Core (U/g) Peel (U/g) Frit (U/g)
Arabic gum, pH 7.0, 40 C,
30 min
36.55 ± 0.91 57.55 ± 4.45 22.95 ± 1.25
Arabic gum, pH optimal (9 – frit,
6 – core and 7 – peel)
43.75 ± 3.88 57.55 ± 4.45 46.75 ± 1.76
Arabic gum, T optimal (20 C
para frit, core and peel)
51.60 ± 2.68 65.10 ± 2.26 69.55 ± 0.77
p-NP-palmitate 0.00 1.02 ± 0.41 3.12 ± 0.07
p-NP-butirate 5.27 ± 0.77 7.84 ± 1.52 15.46 ± 2.92
p-NP-laurate 1.59 ± 0.02 0.79 ± 0.04 0.00
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butyrate (p-NPB, C-4). Approximately 0.05 g of each fraction was
added to 3.43 ml of a reaction mixture composed of 1.12 mM PNPB
dissolved in 50 mM phosphate buffer (pH 7.2) containing 0.2% Tri-
ton X-100 and 0.43 M tetrahydrofuran. The reaction was incubated
for 15 min in a thermostatic bath. After incubation, the samples
were centrifuged for 5 min at 5 C, and the supernatant was then
analysed at 405 nm against the blank sample. The sample blank
was constituted by the same reagent, but the enzyme extract
was denatured by exposure to high temperature.
One unit of lipase activity on p-NP was deﬁned as the amount of
released p-nitrophenol in micromoles per minute per gram of
enzyme extract under speciﬁed conditions.2.8. Data analysis
The data were statistically analysed using analysis of variance
and the Tukey test (p < 0.05) using the software Assistat 7.6 beta.
All analyzes were performed in triplicate.3. Results and discussion
The lipolytic activity of orange juice byproduct fractions was
analysed under standard conditions (pH 7.0 and temperature
40 C). During this step, the measured activities were 22.95 U/g
for the frit, 57.55 U/g for the peel and 36.5 U/g for the core. In
the study of the optimum pH for maximum lipase activity, the
activity was obtained for the core: 43.7 U/g (100% relative activity)
at pH 6 and 23.5 U/g at pH 8 (Fig. 1A). The maximum activity of
57.6 U/g (100% relative activity) for the peel occurred at pH 7,
but a high activity reaching 50% of the relative activity occurred
at basic pH (Fig. 1B). For the frit, the peak activity of 46.8 U/g
(100% relative activity) occurred at pH 9 (Fig. 1C). The pH of great-
est stability for the core and peel was pH 7, and that of the frit was
pH 6 (Fig. 1D–F).
The temperatures at which the core also showed two main
peaks temperatures, 20 C and 70 C; the two peaks showed a sim-
ilar lipase activity of 51.6 U/g (Fig. 1G and J). The peel fractions that
achieved the optimum enzyme activity and stability were 20 C to
60 C, corresponding to relative activities of 100% (63.6 U/g) and
80%, respectively (Fig. 1H and K). For the frit, two peak tempera-
tures were also observed, namely, 20 C and 70 C, with the highest
activity (64.2 U/g) recorded at 20 C (Fig. 1I and L). For all fractions,
the results suggest the presence of isoforms of the lipases.
The results regarding the speciﬁcity of the lipases showed that
the frit and peel have high activity in the hydrolysis of p-NPP. The
core shows low activity for p-NPP but high activity for p-nitrophe-
nol laurate p-NPL. The three fractions have an afﬁnity for p-nitro-
phenyl butyrate p-NPB. The detailed results of this study are
presented in Table 2.
In the study of the inﬂuence of salts on the lipase decreased
lipase activity to the core was observed in the presence of CuSO4,
corresponding to about 90% relative activity and 98% in the pres-
ence of HgCl2. The lipase of frit showed decreased activity in the
presence of KCl and HgCl2, with about 88.5% and 82.5% relative
activity, respectively. Increase in activity for core in the presence
of ZnCl2 corresponding to 112.7% from 116.1% BaCl2 and MgCl2
with 122.0% was observed. In the case of the peel there was also
an increase in the presence of ZnCl2 corresponding to 115.3% and
105.1% with HgCl2. For the frit, no increase in activity in the pres-
ence of no salt was tested.
There are several papers that detail the applications of the
byproducts of orange juice, such as that of Crizel, Jablonski, Rios,
and Flores (2013), which discusses the use of the byproducts as a
source of ﬁbre. To date, however, there are no records of the useof these matrices as a source of lipases. Compared with other veg-
etal lipases, the lipases found in orange byproducts are biochemi-
cally similar to those found in the African bean described by
Enujiucha, Thani, Sanni, and Abigor (2004); indeed, both exhibit
optimal activity at alkaline pH and maximum activity at tempera-
tures between 20 C and 30 C. Compared with the bacterial lipases
described by Jinwal, Roy, Chowdhury, Bhaduric, and Roya (2002),
the lipases obtained in this study presented less inﬂuence due to
salts, changing activity by at most 22%, while the bacterial lipases
varied by up to 100%. Regarding the activity of lipases, latex of
Euphorbia species shows activity superior to that observed in this
work according to Paques and Macedo (2006); however, because
these plants are ornamental, it is impractical to use them for
large-scale applications. Regarding microbial lipases, the lipases
found in orange byproducts exhibit considerably higher activity
compared to the activities reported by Daoud et al. (2013) (5 U/
ml); Papagora, Roukas, and Kotzekidou (2013) (7.44 U/ml); and
Maldonado et al. (2012) (16 U/ml). Compared to the enzymatic
extract from porcine pancreatic lipase type II (PPL) supplied by
Sigma–Aldrich Co. (St. Louis, USA) immobilised by poly-hydroxy-
butyrate that presents 292.8 U/g (Silva et al., 2014), the lipases
obtained in this study presented low activity (maximum 68.5 U/g
to frit). However, the extracts used in this study were raw extract,
not puriﬁed and not immobilised. Therefore, we consider the addi-
tion of semi-puriﬁcation steps could increase the activity of the
extracts, rendering them more similar to activities of puriﬁed
and immobilised enzymes.4. Conclusions
For the ﬁrst time, the presence of lipases in orange juice byprod-
ucts was detected. The ease of extraction of the lipases, the abun-
dance and low cost of the corresponding matrices, the high activity
of the enzymes over a wide range of pH levels and temperatures
and the measured afﬁnity of the enzymes for different types of
substrates make these lipases potential alternatives to commercial
lipases.
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